High O2 affinity hemoglobin-based oxygen carriers synthesized via polymerization of hemoglobin with ring-opened 2-chloroethyl-beta-D-fructopyranoside and 1-o-octyl-beta-D-glucopyranoside.
Second generation hemoglobin-based O(2) carriers (HBOCs) are being developed with high O(2) affinity (low P(50)) in order to suppress vasoconstriction elicited by over-oxygenating tissues, a problem associated with low O(2) affinity first generation HBOCs. Our group has previously investigated the polymerization of hemoglobin (Hb) with dialdehydes as a strategy for engineering high O(2) affinity HBOCs. In this study, two novel reactive dialdehydes were synthesized by ring-opening 2-chloroethyl-beta-D-fructopyranoside (2-CEFP) and 1-o-octyl-beta-D-glucopyranoside (1-OGP) at the 1,2-diol position, respectively, to yield novel Hb polymerizing reagents. High-affinity polymerized HBOCs were synthesized by reacting R-state bovine hemoglobin (bHb) with ring-opened 2-CEFP and 1-OGP at cross-linker to bHb molar ratios ranging from 10:1 to 30:1. The resulting polymerized bovine HBOCs (bHBOCs) displayed P(50)s ranging from 7 to 18 mmHg, cooperativities ranging from 0.8 to 1.4, and methemoglobin (metHb) levels ranging from 3% to 10%. The cross-linking reaction also stabilized the third stepwise Adair coefficient for bHbs reacted with ring-opened 1-OGP at cross-linker to bHb molar ratios of 20:1 and 30:1 and for bHbs reacted with ring-opened 2-CEFP at molar ratios of 30:1. Additionally, the number-averaged molecular weight, M(n), of each polymerized bHBOC was larger compared to bHb. Molecular weight distributions leaning towards larger molecular weight bHBOCs were obtained by increasing the cross-linker to bHb molar ratio. Taken together, the results of this study have identified novel Hb polymerization reagents that are easy to synthesize, and that are capable of yielding bHBOCs with higher O(2) affinities and weight-averaged molecular weights compared to bHb.